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A B S T R A C T
Clinker ash is regarded as a granular waste of coal combustion but potentially employed as a recycled and light-
weight backﬁll material for retaining wall and embankment in recent years. The physical, particle, compaction
and mechanical properties of six selected types of clinker ash were thoroughly examined in this experimental
investigation. Clinker ash owns very complex and angular shapes and it gives rise to the larger diﬀerence be-
tween the maximum and minimum void ratios. The single particle crushing strength of clinker ash is around 1/
5–1/10 lower than natural sands and it indicates high crushability in nature. With similarity to natural sands, the
mean crushing strength of clinker ash displays a decreasing tendency with the increase in grain diameter. A
series of triaxial compression tests were performed on diﬀerent types of clinker ash to examine the inﬂuences of
particle characteristics, degree of compaction and eﬀective conﬁning pressure on their shear behaviour and
deformation characteristics. Test results demonstrate that clinker ash possesses a higher peak friction angle at
low eﬀective conﬁning pressures and gradually loses its shear strength with the rise in eﬀective conﬁning
pressure. The great shear strength dependence on the stress level for clinker ash is conﬁrmed. The stress-dila-
tancy behaviour of a given type of clinker ash is minimally aﬀected by the degree of compaction and level of
eﬀective conﬁning pressure. The stress ratios at the critical state of clinker ash are well correlated with the mean
crushing strengths. A larger N value for clinker ash determined using Nova's rule indicates its higher crushability.
The downward shift of critical state line of clinker ash due to grain crushing is identiﬁed on the void ratio and
logarithm of eﬀective mean stress plane. Additionally, grain crushing was conﬁrmed by the comparison of the
variation in grain size distribution curves and the observation of colored particles previously seeded in the tested
samples before and after shearing.
1. Introduction
Coal has been employed widely as an energy resource around the
world for a very long time due to its vast amount of storage and low
cost. Coal is recognized as an alternative energy resource for the nu-
clear and petroleum oil for the integrated energy strategy of Japan.
Currently, a large amount of coal are being used by thermal power
plants to supply power through incineration of coal. This in turn leads
to a remarked rise in the generation of coal ash in high quantities. In
recent few years, the total amount of coal consumption for thermal
power plants in Japan is continually increasing due to the rise in energy
demand and shutdown of nuclear electricity generation after the 2011
Great East Japan earthquake. Accordingly, that makes the increasing
amount of waste in accompaniment with coal combustion much
worsen. The total amount of coal ash produced by coal-burning power
plants was 12.62 million tons in Japan in 2014 according to the survey
by Japan Coal Energy Center (Jcoal, 2014).
Fly ash and clinker ash account for majority of the coal ash during
coal combustion. Fly ash is composed of light and ﬁne coal ash particles
that ﬂoat into the exhaust stacks. Clinker ash, also called bottom ash, is
the coarser component of coal ash particles and collected from the
bottom of boiler. Fly ash with the light form, around 85%–95% of
generated coal ash, had been eﬀectively utilized as an additive into
cement to manufacture concrete and ground materials for construction
projects (Chang et al., 1977; Chiaro et al., 2015; Ferreira et al., 2003;
Iyer and Scott, 2001; Kamon et al., 2000; Lee et al., 2003; Trivedi and
Sud, 2002; Wang et al., 2013; Yilmaz, 2015; Yoshimoto et al., 2012).
However, clinker ash, which makes up around 5–15% of generated coal
ash, is still not being recycled eﬀectively. Disposal of unused clinker ash
as pond and landﬁll gives rise to signiﬁcant socio-economic and
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